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ORIGINAL ARTICLE 

Emotional contagion for pain is intact in autism spectrum 
disorders 

N Hadjikhani 1 ' 2 ' 3 , NR Zurcher 1 ' 3 ' 7 , O Rogier 1 ' 7 , L Hippolyte 1 , E Lemonnier 4 , T Ruest 1 , N Ward 3 , A Lassalle 1 , N Gillberg 2 , E Billstedt 2 , 
A Helles 2 C Gillberg 2 , P Solomon 5 , KM Prkachin 6 and C Gillberg 2 

Perceiving others in pain generally leads to empathic concern, consisting of both emotional and cognitive processes. Empathy 
deficits have been considered as an element contributing to social difficulties in individuals with autism spectrum disorders (ASD). 
Here, we used functional magnetic resonance imaging and short video clips of facial expressions of people experiencing pain to 
examine the neural substrates underlying the spontaneous empathic response to pain in autism. Thirty-eight adolescents and 
adults of normal intelligence diagnosed with ASD and 35 matched controls participated in the study. In contrast to general 
assumptions, we found no significant differences in brain activation between ASD individuals and controls during the perception of 
pain experienced by others. Both groups showed similar levels of activation in areas associated with pain sharing, evidencing the 
presence of emotional empathy and emotional contagion in participants with autism as well as in controls. Differences between 
groups could be observed at a more liberal statistical threshold, and revealed increased activations in areas involved in cognitive 
reappraisal in ASD participants compared with controls. Scores of emotional empathy were positively correlated with brain 
activation in areas involved in embodiment of pain in ASD group only. Our findings show that simulation mechanisms involved in 
emotional empathy are preserved in high-functioning individuals with autism, and suggest that increased reappraisal may have a 
role in their apparent lack of caring behavior. 
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INTRODUCTION 

Individuals with autism spectrum disorders (ASD) have impaired 
social understanding, and seemingly reduced reactions to others' 
emotions, which may be interpreted as lack of empathetic 
concern. Empathy can be defined as 'the ability to form an 
embodied representation of another's emotional state, while at 
the same time being aware of the causal mechanism that induced 
the emotional state in the other'. 1 Empathy is a multicomponent 
process, consisting mainly of experience sharing and mental state 
attribution. 2 The evolutionary precursor of empathy is emotional 
contagion, a phylogenetically old phenomenon, even observable 
in distressed mice. 3 Emotional contagion is a precursor of 
emotional empathy, 4 whereby embodiment entails the forming 
of a representation of the other person's feelings, and thereby 
sharing of their experience. 5 In the observer, this 'perception- 
action' coupling mechanism elicits the activation of the same 
neural networks as in the person experiencing the emotional 
state. 6 

When facing others' pain, empathy-related behaviors are 
commonly elicited. Defined as an emotional and unpleasant 
experience related to genuine or potential bodily damage, 7 the 
experience of pain instigates the activation of a large network of 
brain areas, also referred to as the pain matrix, including the 



anterior insula (Al), somato-sensory cortices (SI, Sll), supplementary 
motor area (SMA), anterior cingulate cortex (ACQ, periaqueductal 
gray, thalamus and cerebellum (reviewed in Peyron et al. 8 and 
Decety 9 ). Functional neuroimaging studies have repeatedly 
demonstrated activation of the pain matrix during the perception 
of vicarious pain, 10-13 and this activation is stronger in those with 
high empathy scores. 1 0,1 4-1 6 

In parallel to emotional contagion, the perception of others' 
affective states induces emotional arousal, leading to activation in 
the hypothalamus, amygdala, hippocampus and orbito-frontal 
cortex (OFC) (for example, see Decety 9 ). These two processes, 
emotional contagion and emotional arousal, key elements of 
emotional empathy, have a central role in empathic experiences. 

In contrast to emotional empathy, cognitive empathy is akin to 
emotion understanding and requires perspective taking and 
mentalizing; it can also be understood as theory of mind (ToM). 
Consistently activated in mentalizing tasks, 17 the medial prefrontal 
cortex (mPFC) drives perspective taking during the perception of 
facial expressions of pain. 16,18 Impairments in ToM have been 
described in ASD (reviewed in Senju 19 ) and likely overlap with 
deficits in the expression of cognitive empathy. 

Impairments in cognitive empathy, but presence of normal 
empathetic concern (emotional empathy), have indeed been 
reported in adults with Asperger syndrome (AS), based on self- 
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Table 1. Participants' characteristics (mean (s.d.)) 
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Abbreviations: ADOS, Autism Diagnostic Observation Schedule; ADI-R, 
Autism Diagnostic Interview-Revised; ASD, participants with autism 
spectrum disorders; AQ, Autism Spectrum Quotient; CON, control 
participants; EQ, Empathy Quotient; IQ, Intelligence Quotient. 



report questionnaires such as the Interpersonal Reactivity Index 
and the Multifaceted Empathy Test. 21 This specific empathy profile 
observed in adults has also been described in children and 
adolescents with ASD. 22 In contrast, measures of personal distress, 
one of the emotional subscales of the Interpersonal Reactivity 
Index, is higher in individuals with AS compared with controls 20 
Individuals with ASD have therefore been hypothesized to have a 
hypersensitive aspect of the emotional reactions to suffering in 
others, possibly leading to emotional distress, in the absence of 
normal cognitive empathy. 23,24 Support for this theory has 
recently been provided by a study where individuals with ASD 
were shown to exhibit heightened empathic arousal when 
perceiving others' distress. 25 

The underpinnings of empathy for pain have mostly been 
investigated using cues indicating the suffering of someone close 
or a partner, or using pictures showing limbs (hand or foot) in 
painful situations (reviewed in Singer 26 ). In real-life situations, 
however, expressions conveyed by faces have a key role in the 
perception of others' emotional experience. Neural correlates of 
the capacity to empathize with facial expressions of other's pain 
have been assessed only in a few studies and have demonstrated 
engagement of brain areas involved in the first person experience 
of pain. 12 ' 15 ' 16 ' 18 ' 27 ' 28 

Cognitive reappraisal is a mechanism allowing to regulate 
emotions through the reinterpretation of the meaning of an 
emotional stimulus. This regulation is crucial for the discrimination 
between self- and other-related states and engages prefrontal 
regions and the ACC. Via reappraisal mechanisms, these brain 
regions can downregulate amygdala activity (reviewed for 
example in Decety 9 ). Mental state attribution and perspective 
taking are key processes ensuring the experience of empathic 
concern rather than personal distress. 

In this study, we focused on the implicit processing of facial 
expressions of other's pain in ASD. We investigated whether the 
neural substrates of emotional and cognitive components of 
empathy are atypically activated in high-functioning participants 
with ASD when viewing dynamic facial expressions of real pain. 



psychiatric or neurological disorders. All subjects were scanned in 
Lausanne. Six subjects were excluded from the data analysis because of 
excessive movement or for not performing the task during the scan (2 ASD 
and 4 CON). Thus, 36 participants with ASD (3 women, 23.5 ±8.7 years 
(mean age ± s.d.), range 13-44) and 31 CON (3 women, 22.5 ±7.5 years, 
range 13-43) were included in the final analysis. Participants' character- 
istics are given in Table 1. 

Participants with ASD were diagnosed by experienced clinicians 
according to DSM IV-TR criteria. 29 In addition, the Autism Diagnostic 
Interview-Revised 30 was conducted in 26 participants and the Autism 
Diagnostic Observation Schedule 31 in 28 individuals. Eight participants 
were assessed using the Diagnosis of Social and Communication Disorder- 
10 32 All 36 participants met cutoff criteria for a diagnosis of ASD — 24 for 
Asperger syndrome, 10 for autistic disorder and 2 for pervasive 
developmental disorder not otherwise specified. 

Performance Intelligence Quotient was assessed using the Wechsler 
Nonverbal Scale of Ability 33 or the Wechsler Abbreviated Scale of 
Intelligence 34 and all participants had a performance Intelligence Quotient 
in the normal range. ASD and CON groups did not differ for age and for 
performance Intelligence Quotient (P>0.05). All subjects had normal or 
corrected-to-normal vision. 

Autistic traits were evaluated in all participants using the Autism 
Spectrum Quotient (AQ) self-report questionnaire 35,36 This questionnaire 
consists of 50 items assessing five domains known to be affected in ASD, 
namely, social skills, communication skills, imagination, attention to detail 
and attention switching/tolerance of change. It is continuously distributed 
in the general population, ranges between 0 and 50 and it has been shown 
that a cutoff of 26 results in a sensitivity of 0.95, specificity of 0.52, positive 
predictive value of 0.84 and negative predictive value of 0.78 37 

The level of empathy was assessed with the Empathy Quotient (EQ) 
questionnaire 38 The EQ is a 60-item (40 empathy items and 20 fillers) self- 
report questionnaire, ranging between 0 and 120. Principal component 
analysis of the EQ has revealed the following three factors: cognitive 
empathy, social skills and emotional reactivity — we henceforth refer to 
these three factors as cognitive EQ, social EQ and emotional EQ, 
respectively 39,40 'Cognitive EQ' measures the appreciation of the affective 
states of others and can be understood as a test of perspective taking/ToM. 
'Social EQ' tests for the intuitive understanding of social situations and the 
spontaneous use of such skills. 'Emotional EQ' reflects the tendency to 
have an emotional reaction in response to other people's mental states, 
and has been shown to be related to anxiety 40 



Visual stimuli and design 

Two-second movies of facial expressions of adult patients from a shoulder 
clinic were presented. Videos showed 21 different faces (1 1 men) filmed 
during movement either of their painful (PAIN condition) or their healthy 
shoulder (NO PAIN condition) (see Botvinick et al? 2 and Lawrence et al. 4 ^ 
for details). The videos, which showed frontal views of patients' facial 
expressions, were scored using a validated index of facial pain expression 41 
based on the facial action coding system. 42 Pain expressions were all 
related to pain according to facial action coding system, whereas control 
expressions contained no facial action correlated with pain. Video clips 
displaying painful expressions were edited such that the last image frame 
shown was the one with the strongest pain expression. Movies were 
presented in 12 blocks (6 PAIN and 6 NO PAIN), in pseudo-random order. 
Each block consisted of four different video clips, each followed by a 1-s 
black screen. Between blocks, a central red fixation cross was shown for 6 
s. Four times during each run, a blue cross was presented for 1 s. As we 
wanted to evaluate implicit empathic reactivity, we did not ask participants 
to feel what the person on the video was experiencing, nor to rate the level 
of pain experienced. Participants were instructed to carefully look at the 
videos and, in order to monitor their attention, to press a button every 
time the blue cross appeared. Two runs were presented. 



MATERIALS AND METHODS 

Participants 

The Lausanne University Hospital ethics committee approved all proce- 
dures. All adult participants gave written informed consent before the start 
of the study. Minor participants provided assent and one of their parents 
gave written consent. All procedures followed the Declaration of Helsinki. 
Seventy-two individuals were enrolled in the experiment: 38 subjects with 
ASD from three centers (Lausanne, Brest and Gothenburg) and 35 control 
subjects (CON) who were recruited in Lausanne and had no history of 



Imaging data acquisition and analysis 

Anatomical and functional magnetic resonance images were collected in 
all participants with a 12-channel radio frequency coil in a Siemens 3T 
scanner (Siemens Tim Trio, Erlangen, Germany) at the Centre d'lmagerie 
BioMedicale in Lausanne. The first scanning sequence consisted of 
Siemens's autoalign scout for the head allowing an automatic positioning 
and alignment of slices. Anatomical images were acquired using a multi- 
echo magnetization prepared rapid gradient echo sequence: 176 slices; 
256x256 matrix; echo time (TE): TE1: 1.64 ms, TE2: 3.5 ms, TE3: 5.36 ms, 
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Figure 1. Scores for autism spectrum disorder (ASD) and control (CON) participants for each of the subcomponents of the EQ test. 



TE4: 7.22 ms; repetition time (TR): 2530 ms; flip angle 7°). The functional 
data were obtained using an echo planar imaging sequence (47 AC-PC 
slices, 3 mm thick, 3.12 mm by 3.12 mm in plane resolution, 64x64 matrix; 
field of view: 216; TE: 30 ms; TR: 3000 ms; flip angle 90°) lasting 225 s. 

Functional magnetic resonance imaging data processing, as well as 
preprocessing was carried out using FEAT Version 6.0, part of FSL (FMRIB's 
Software Library, www.fmrib.ox.ac.ul/fsl). 

Non-brain tissue was removed from high-resolution anatomical images 
using Christian Gaser's VBM8 toolbox for SPM8 43 and fed into feat. Data 
were motion corrected using MCFLIRT and motion parameters were added 
as confound variables to the model. In addition, residual outlier timepoints 
were identified using FSL's motion outlier detection program and 
integrated as additional confound variables in the first-level general linear 
model analysis. Preprocessing further included spatial smoothing using a 
Gaussian kernel of 8 mm, grand-mean intensity normalization and 
highpass temporal filtering with sigma = 50.0 s. 

The two runs (treated as fixed effect) from each participant were 
combined, except in five participants in whom only one run was available 
(four ASD, one CON). Subject-level statistical analysis was carried out for 
the contrast (PAIN>NO PAIN) using FILM with local autocorrelation 
correction. Registration to high-resolution structural images was carried 
out using FLIRT. Registration to Montreal Neurological Institute (MNI) 
standard space was then further refined using FNIRT (FMRIB's non linear 
registration tool) nonlinear registration. Group-level analyses were 
performed using mixed effects general linear model analysis using FLAME 
1 with automatic outlier detection. In modeling subject variability, this kind 
of analysis allows inference about the population from which the subjects 
are drawn. Z-statistic images were thresholded using clusters determined 
by Z>2.3 and a (corrected) cluster significance threshold of P = 0.05. 44 
Cluster-corrected images were displayed on a standard brain (fsaverage for 
the surface and MNI template for the volume). 

Between-group differences were assessed using a two-sample unpaired 
f-test available in FSL. 



Correlation analyses 

For each group separately, Spearman correlations were computed 
between whole-brain activation and age, as well as with the subscales of 
the EQ: emotional EQ, cognitive EQ and social EQ. 

In addition, in a post hoc analysis, we examined brain areas that showed 
significant differences between ASD and CON by defining 3x3x3 cubes 
around the peak of activation difference and correlating them with AQ 
scores. These areas consisted of the left dorsolateral prefrontal cortex 
(dIPFC) (-40, 34, 20), the left rostrolateral prefrontal cortex (rIPFC) (-34, 46, 
4), left temporo-parietal junction (TPJ) (-42, -64, 40) and the left ACC (-14, 
24, 24). For each subject, the mean percentage Blood-oxygen-level 
dependen signal change was extracted for each of those regions of 
interest for the contrast (PAIN>NO PAIN), using the Featquery tool in FSL, 
and the Spearman correlations were computed between parameter 
estimates and AQ scores across all participants, treated as one group. 



RESULTS 

Behavioral results 

Comparison between ASD and CON showed that individuals with 
ASD exhibited significantly higher AQ scores (Table 1, Figure 1). 
For the EQ, total scores as well as the subscores cognitive EQ and 



social EQ were significantly lower in ASD (P< 0.0001). The 
emotional EQ subscore was also lower in ASD (P = 0.01), although 
it showed more overlap between groups. 

During the functional magnetic resonance imaging session, the 
detection rate of the blue cross was similar in both groups 
(mean = 92.5%, s.d., 11.4 in ASD and mean = 88.7%, s.d., 16.5 in 
CON; not significantly different), indicating that all participants 
paid attention to the stimuli. 

Neuroimaging results 

Correlation with age. Age did not a have statistically significant 
effect on either group on whole-brain activation for the (PAIN>NO 
PAIN) condition. Statistical comparisons within and between 
groups were carried out without the addition of age as covariate. 

Within-group whole-brain analyses 

During the perception of faces expressing pain, both ASD and 
CON groups exhibited activation in regions involved in face and 
body processing (inferior occipital gyrus, fusiform face area, 
extrastriate body areas), in pain processing (fronto-insular cortex, 
S2, periaqueductal gray), in emotional processing (orbito-frontal 
cortex, amygdala), as well as in emotional attribution (inferior 
frontal gyrus, TPJ, superior temporal sulcus (STS)) (Table 2, 
Figure 2). In addition, the ASD group showed activation in the 
premotor cortex and the dIPFC, whereas the CON group showed 
activation bilaterally in the mPFC, as well as in the right anterior 
cingulate, the anterior temporal cortex and the temporal pole. 

Between-group whole-brain analysis 

At a corrected cluster threshold of P<0.05, no significant 
differences were present between groups during the perception 
of faces expressing pain (Table 3,Figure 2). At a more liberal 
threshold (P< 0.01, uncorrected, minimum cluster size of 70), we 
observed increased activation in the ASD compared with CON in 
the left dIPFC and rIPFC, the anterior cingulate, the TPJ, and the 
OFC, as well as in the right Villa of the cerebellum. CON had more 
activation than ASD in the left occipital pole, lateral occipital 
cortex and the left temporal pole. 

Correlations with behavioral measures 
Whole-brain analysis 

Emotional EQ. Emotional EQ was positively correlated with brain 
activation in the ASD group (Table 4, Figure 3). Emotional EQ was 
not correlated with the brain activation in CON. A between-group 
comparison confirmed significant positive correlations with 
emotional EQ in ASD compared with CON. Areas showing 
significant positive correlation with emotional EQ in ASD included 
bilateral insula, rostral ACC, dorsal ACC, OFC, temporal pole and 
SMA, as well as the bilateral putamen, caudate and thalamus, the 
left amygdala and the left hippocampus. In addition, the left 
ventrolateral prefrontal cortex, rIPFC and superior frontal gyrus as 
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Table 2. Within-group results: activation for the contrast (PAIN>NO PAIN), in ASD and CON groups 


Brain area 




ASD 












CON 








Side # Voxels 


Z-max 


MNI coordinates 


# Voxels 


Z-max 


MNI coordinates 








X 


Y 


Z 






X 


Y 


Z 




7887 










1 0 347 a 










rUblcNUl 3 1 3 


D 
r\ 


ft ft^ 

O.OD 


46 


-40 


6 




D.U I 


62 


-52 


12 


INTcNUr Idltfldl OCCipildl CUllcX 


R 


^ Al 


DU 


— o4 


-> 
— z 




A 77 


A Q 


—DO 


—4 


IOG 


R 


5.14 


48 


-74 


12 




3.03 


38 


-84 


-20 


Qi inramaminal n\tri ic 

oupi dii idi yn lai yyrub 




^ 1 

D. I 


60 


-38 


18 




ft 

J.D 


60 


-40 


12 


WLLipiLdl pUlc 


D 
r\ 


A Rft 


30 


-90 


2 




^ 07 


30 


-90 


-12 


Lateral occipital cortex 


R 


4.77 


42 


-62 


-2 




4.85 


50 


-64 


-2 


Middle STS 


R 


4.53 


50 


-26 


-8 




5.06 


56 


-24 


-10 


MTG, tern poro-occi pita 1 


D 
r\ 


A ^1 
HO I 


46 


-58 


6 




ZL ^3 


60 


-58 


8 


Fiicifnrm n\/rii^ fFFA^ 
r u _> 1 1 kj 1 1 1 1 y y i u ;> \i i i\ j 


R 


4.44 


46 


-50 


-22 




3.39 


42 


-60 


-22 


rdllcldl UpclCUIUlTl p/J 


D 
r\ 


3 ftR 
j.DO 


62 


-30 


22 




j.OZ 


64 


-32 


22 


Amygdala 


D 
r\ 


3 ^ 


26 


-2 


-24 




j.jD 


16 


-8 


-16 


ItrllipUldl puitr 




3 A] 


22 


6 


-36 




zi n 


56 


10 


-24 


MNyuidr yyrub 


D 
r\ 


3 1 3 
3. I 3 


54 


-54 


16 






64 


-50 


18 


MlllcNUI 3 1 3 


R 














64 


2 


-18 














QCQfik 










1 

Supramarginal gyrus 


1 

L 


^ OA 


—52 


—48 


1 2 




A 1 3 


—66 


—42 


1 6 


Posterior STS 


| 

L 


A Q7 


-46 


-62 


4 




^ 7ft 
D./D 


-50 


-50 


6 


Lateral occipital cortex 


| 

l_ 


A ft3 


-38 


-82 


-12 




ft ftfi 
D.DO 


-46 


-78 


0 


Anriiilai* rt\/ri ic 
Miiyuidi yyiub 


|_ 


4.44 


-54 


-52 


16 




4.0 


-50 


-50 


20 


Occipital pole 


L 


4.40 


-32 


-94 


-8 




5.31 


-28 


-92 


-2 


Fusiform gyrus (FFA) 


L 


4.22 


-46 


-46 


-24 












ion 

IUu 


i 

i_ 


A 1 1 
I I 


-36 


-88 


-8 




^ "?ft 

D.ZD 


-36 


-86 


-4 


rdllcldl UpclCUIUlTl p/J 


i 

L 


3 ft^ 
O.OD 


-52 


-40 


26 




3 7^ 


-48 


-34 


22 


Cerebellum Crus 1 


| 

L 


3 ^fi 


-38 


-58 


-26 


a 


3 37 
3.3/ 


56 


-50 


-38 


IVIIUUIc 3 1 j 


| 

L 


3 9Q 


-60 


-34 


-2 




Zl 3H 


-48 


-16 


-14 


Ml KcilOl 3 1 j 


| 

L 












3 7ZI 
3./^+ 


-58 


2 


-20 


Temporal pole 


| 

L 












3 71 
3./ I 


-34 


6 


-24 


Parahippocampal gyrus 


| 

L 












3.33 


-22 


0 


28 




1A1A 










I ZDZ 










Orbitotrontal cortex 


| 

l_ 


3 77 
3./ / 


-38 


34 


-12 


b 


Zl T") 


-40 


30 


-16 


IFG opercularis 


| 

L 


3 ft") 


-46 


10 


26 


b 


3 ZLQ 


-56 


26 


6 


Middle frontal gyrus 


L 


3.49 


-34 


6 


32 












Fronto-insular cortex 


L 


3.41 


-44 


26 


-12 


b 


2.63 


-42 


22 


-12 


Precental gyrus 


i 

i_ 


3. 1 Z 


-48 


-2 


46 












HIPFr 


i 

L 


3 11 


-38 


40 


4 












V-clKldl OpclCUIUlTl 


| 

L 


1 8.7 
z.o/ 


-52 


6 


4 












IFG triangularis 


1 

L 


9 ft1 
Z.o I 


-50 


34 


4 


b 


3 Qft 


-52 


30 


0 


Insula 


| 

l_ 


Z.DD 


-44 


12 


-10 


b 


Z.^D 


-32 


6 


-18 


rruiiLdi puic 


|_ 












3 73 
3./ 3 


-14 


54 


28 


3upciiur iiuiiLdi yyrub 


1 

L 












3 ft 
3.D 


-8 


62 


34 




1464 




















IFG triangularis 


R 


4.79 


58 


28 


-8 


a 


3.61 


58 


28 


-4 


Fronto-insular cortex 


R 


3.12 


38 


28 


-18 


a 


3.22 


22 


14 


-26 


OFC 


R 


3.03 


38 


32 


-16 


a 


3.55 


48 


32 


-10 


Insula 


R 


2.43 


44 


8 


10 


a 


2.43 


40 


-6 


-14 


Superior frontal gyrus 


R 










c 


3.6 


2 


50 


28 


Medial prefrontal cortex 


L/R 










c 


3.19 


0 


52 


-18 


Anterior cingulate 


R 










c 


3.06 


8 


52 


10 


PAG 


412 


2.7 


0 


-32 


-10 


203 


2.92 


0 


-32 


-6 


Abbreviations: IFG, inferior frontal gyrus; IOG, inferior occipital gyrus; MNI, Montreal Neurological Institute; OFC, orbito-frontal cortex; PAG, periaqueductal 


gray; STS, superior temporal sulcus. 























well as the right temporal pole were positively correlated with Cognitive EQ. Cognitive EQ level was not associated with the level 
emotional EQ. The vermis as well as the left and right areas Vlllb of of brain activation in either group, 
the cerebellum also showed positive correlations, as well as the 

left area IX and VI of the cerebellum. Social EQ. Social EQ was not associated with the level of brain 

activation in either group. 
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Figure 2. Activation for the (PAIN>NO PAIN) condition in partici- 
pants with ASD (ASD; top panel), control participants (CON) (middle 
panel) and difference between groups (bottom panel). Separate 
group data are shown at a threshold of P< 0.05, cluster corrected. 
Between-groups comparison is shown with a threshold of P < 0.01. 



Table 3. Between-group results: activation difference for the contrast 
(PAIN>NO PAIN) P<0.01, minimum cluster size = 70 


Brain area 


Side 


# 


Z- 




MNI 








Voxels 


max 


coordinates 










X 


Y 


Z 


ASD>CON 


















839 










dIPFC 


L 




3.1 


-40 


34 


20 


rIPFC 


L 




2.94 


-34 


46 


4 


Anterior cingulate 


L 




2.93 


-14 


24 


24 






201 










Supramarginal gyrus 


L 




2.87 


-60 


-46 


48 


Superior parietal cortex 


L 




2.82 


-30 


-42 


40 


Temporo-parietal junction 


L 


177 


3.13 


-42 


-64 


40 


Cerebellum Villa 


R 


110 


3.13 


30 


-50 


-56 


Orbitofrontal cortex 


L 


72 


3.22 


-30 


40 


-16 


CON>ASD 














Occipital pole 


L 


173 


3.48 


24 


-98 


26 


Inferior lateral occipital 


L 


146 


3.66 


-54 


-72 


-2 


cortex 














Temporal pole 


L 


83 


2.76 


-40 


10 


-26 


Abbreviations: dIPFC, dorsolateral prefrontal cortex; MNI, 
Neurological Institute; rIPFC, rostrolateral prefrontal cortex. 


Montreal 



ROI analysis 

In an exploratory analysis, areas that showed increased activation 
in the ASD versus CON contrast were selected as regions of 
interest to examine for the presence of a correlation between 
activation and autistic traits as measured by AQ, when all 
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Table 4. Correlation with emotional EQ 



Brain area Side # Voxels Z-max MNI 

coordinates 



X Y Z 



ASD, correlation with emotional EQ 

10514 



irvj li loi iuuicii i j 


l_ 




5.29 


—46 


26 


2 


Pi itampn 
r u loi i ici i 


l_ 




4.79 


-24 


14 


8 


Putampn 

i i-i Lai i ici i 


R 




4.04 


30 


-14 


12 


Ct\\ iHatp 

v.auua ic 


R 




4.36 


1 0 


14 


1 0 


C 7\\ IftatP 
V.QUUU LC 


l_ 




3.81 


-10 


20 


4 


Rostral ACC 


R 




4.13 


4 


32 


10 


Rnctral ACC 
nUjl i a 1 nV_L. 


l_ 




3.6 


—1 6 


42 


1 4 


OFC 


l_ 




4.09 


-22 


34 


-16 


OFC 


R 




4.04 


36 


24 


—1 8 


SMA 


R 




4.02 


5 


o 


54 


SMA 


|_ 




3.72 


-1 0 


o 


42 


IfcrllipUlal pvJIfcr 


R 




3.96 


48 


1 6 


—28 


Dorsal ACC 


|_ 




3.95 


—14 


24 


26 


Dorsal ACC 


R 




3.72 


6 


16 


48 


Thalami k 
i i ici ia 1 1 1 \A _> 


|_ 




3.95 


-1 8 


-24 


1 6 


Thsl^mi iq 

I I la lal I I L-l _> 


R 




3.53 


2 


-16 


o 


Insula 


L 




3.86 


-30 


12 


14 


Insula 


R 




3.62 


36 


12 


-18 


Qiirjpi-ior frontal nvriic 
ouptriivji iiuiiLdi yyiub 


|_ 




3.72 


—1 6 


38 


42 


vIPFC 


|_ 




3.72 


—34 


14 


32 


rIPFC 


L 




3.69 


-20 


50 


22 


mPFC 


R 


2412 


3.12 


2 


34 


-12 


Cerebellum IX 


L 




4.5 


-10 


-52 


-34 


Brain stem 






4.03 


-6 


-36 


-34 


Cerebellum VI 


L 












Vermis Vlllb 






3.39 


0 


-62 


-36 


Vlllb 


R 




2.96 


10 


-56 


-58 


Vlllb 


L 




2.43 


-14 


-56 


-46 


Vermis Vllb 




1558 


2.63 


-2 


-66 


-30 


Fronto-insular cortex 


L 




3.55 


-32 


8 


-18 


Amygdala 


L 




3.45 


-30 


4 


-16 


Hippocampus 


L 




3.4 


-34 


-18 


-18 


Anterior STS 


L 




3.35 


-54 


-16 


-16 


Insula 


L 




3.28 


-44 


10 


0 


Ant. inferior temporal gyrus 


L 




3.23 


-44 


-12 


-34 


Temporal pole 


L 




3.2 


-40 


8 


-42 



CON, correlation with emotional EQ 
None 



Abbreviations: ACC, anterior cingulate cortex; EQ, empathy quotient; IFG, 
inferior frontal gyrus; MNI, Montreal Neurological Institute; mPFC, medial 
prefrontal cortex; OFC, orbito-frontal cortex; rIPFC, rostrolateral prefrontal 
cortex; SMA, supplementary motor area; STS, superior temporal sulcus; 
vIPFC, ventrolateral prefrontal cortex. 



participants were treated as one single group (Figure 4). These 
areas consisted of the dIPFC, rIPFC, TPJ and the ACC. All these 
areas have been associated with stimulus reappraisal. They all 
showed positive correlations between activation and AQ across 
the 67 participants, regardless of diagnosis. dIPFC: Spearman's 
r = 0.28, P = 0.02; rIPFC: Spearman's r = 0.26, P = 0.03; TPJ: Spear- 
man's r = 0.45; P = 0.0001; ACC; Spearman's r = 0.25, P = 0.04. 



DISCUSSION 

In contrast to prevailing theories of social functioning in ASD, we 
observed a lack of significant differences in neural processing 
between ASD and CON participants during the perception of 
dynamic facial expression of pain. 
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positive correlation with emotional EQ, ASD 



Figure 3. Areas showing positive correlation with emotional 
Empathy Quotient (EQ) in autism spectrum disorder (ASD). Data 
are thresholded at P< 0.05, cluster corrected. 

In both groups, we observed activation of the pain matrix, in 
areas consistently associated with empathy-for-pain tasks, and 
consisting of the thalamus, the midbrain, the OFC, the dACC, the 
rACC, the SMA and the insula. 45 In addition, both groups displayed 
activation in areas involved in emotional processing (including 
OFC and amygdala) and in embodiment, including the face and 
body-processing areas as well as the inferior frontal gyrus (IFG), 
TPJ and STS. 

Activation of the mPFC was only observed in CON, although 
there were no statistical differences between groups at a strict 
threshold. The mPFC is part of the mentalizing system, underlying 
mental state attribution and understanding those mental states as 
different from one's own. 17 The central role of the mPFC in 
cognitive empathy has also been emphasized in structural and 
lesion studies. 4,46,47 Reduced activation in the mPFC has been 
described in ASD during mentalizing tasks 48 " 50 during 



introspection 51 and has been linked to impairments in self-other 
distinction. 52 

Previous studies have reported lack of activation in components 
of the mirror neurons system during empathy-related processes in 
ASD, as well as in the mPFC, STS, TP, TPJ and Al (reviewed in Silani 
et al. 53 ). However, most studies of empathy in ASD have used 
social stimuli and tasks in which subjects were asked to empathize 
with an emotional facial expression (for example, sad and happy) 
and were required to switch between the self- and other- 
perspective. 53,54 Here, we show that seeing another individual's 
pain leads both ASD and CON to share the bodily and neural 
experience, and that perception-action mechanisms 6 are operat- 
ing in both groups. Therefore, our data demonstrate that mirror 
mechanisms and shared representation system can be sponta- 
neously elicited during perception of pain expression in ASD. 

Previous studies exploring explicit empathy for social stimuli 
(happy, sad and neutral faces) in healthy controls 55 have reported 
age-related activity increase in the fusiform gyrus and in the 
inferior frontal gyrus, depending on whether the participants were 
attributing the emotions to self or to other. However, in our study, 
age did not have a role in the level of brain activation to the 
perception of the expression of pain in either group for this 
implicit task. 

One of the possible explanations for the lack of differences 
between ASD and CON is the nature of the emotion that was 
examined in our study — namely, pain. The vast majority of studies 
addressing emotion processing in ASD have used 'social' 
emotions, by means of facial expression with emotional and 
approach/avoidance valences. In the present experiment, CON 
and ASD participants were observing the facial expression of 
patients experiencing pain but who were not socially engaging 
(that is, the patients on the videos were not looking at the camera) 
and both groups experienced emotional contagion. It has been 
shown that perceived automatic reactions to pain are more likely 
to evoke immediate gut-level reactions and emotional 
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Figure 4. Correlation between Autism Spectrum Quotient (AQ) level and activation in the dorsolateral prefrontal cortex (dIPFC), rostrolateral 
prefrontal cortex (rIPFC), anterior cingulate cortex (ACC) and temporo-parietal junction (TPJ) across all participants. 
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Neurotypicals 

Appraisal/reappraisal 




Figure 5. Schematic description of reaction to other's pain in typical 
individuals (top panel) and in autism spectrum disorder (ASD; 
bottom panel), modified from Decety. In typical individuals, 
affective arousal (involving subcortical circuits together with the 
orbito-frontal cortex (OFC) and the superior temporal sulcus (STS)) is 
followed by emotion understanding, a capacity that develops 
around the age of 2-3 years, and that overlaps with the theory of 
mind (ToM)-like processes, involving the medial prefrontal cortex 
(mPFC) and temporal pole. Emotion understanding leads to the 
regulation of emotion, through dorsolateral prefrontal cortex 
(dIPFC) and anterior cingulate cortex (ACQ, allowing reappraisal 
mechanisms to downregulate affective arousal. In ASD, increased 
affective arousal, possibly due to subcortical circuits abnormality, 
and deficits in ToM processes lead to the need for increased 
emotional regulation through reappraisal, via increased activation in 
dIPFC and ACC. This increased regulation of emotions may be 
perceived by others as a lack of caring behavior. 

engagement leading the observer to hurt in sympathy, whereas 
the perception of controlled expression involves more cognitive 
components and ToM abilities. 56,57 On the basis of our data, we 
can posit that different processes are involved in the perception of 
social stimuli versus evolutionary-older processes such as perceiv- 
ing distress or pain expressed by another person. 5 Being sensitive 
to other people's suffering has an evolutionary advantage for the 
care of offspring, 58 and perceiving pain and reacting to it with 
empathy can be considered as an archaic function, as it can be 
observed in other mammals including rats, 59 who have been 
shown to stop pressing a lever that would provide them food if 
they see that this action simultaneously provokes an electrical 
shock to another rat. 

Using the current paradigm, participants with ASD and controls 
did not differ in activation in the STS/superior temporal gyrus and 
IFG, involved in the perception of dynamic faces and in emotional 
processing and action representation. The STS has a key role in 
detecting biological movement and is associated with the 
mentalizing network. 60,61 Our results are in agreement with 
studies in adults with ASD, showing typical IFG and STS activation 
when viewing dynamic emotional facial expressions. 62,63 The 
present findings, showing similar activation in areas involved in 
emotional sharing in participants with ASD and controls, are 
consistent with the hypothesis that emotional empathy is 
preserved in ASD. Interestingly, the dissociation between intact 
affective empathy and impaired cognitive empathy (ToM) in 
autism is consistent with the theory outlined in 'zero degrees of 
empathy' by Baron-Cohen 64 and is the opposite of the profile 
(impaired affective empathy and intact cognitive empathy) 
observed in psychopaths (see also Blair 65 ). It is also worth 
mentioning that no between-group differences were observed 
in face-processing areas, including the fusiform gyrus, as now 
reported in several studies using paradigms that require 
participants' attention to faces 63,66-75 



At a lower threshold, activation in the left TPJ, dACC, dIPFC and 
rIPFC was increased in ASD compared with controls. These areas 
are all involved in reappraisal. 76 In order to better understand the 
role of autistic traits in the activation of these areas, we analyzed 
all participants independently from their diagnosis and examined 
the relation between AQ score and level of activation in these 
areas. In each of these areas (left TPJ, dACC, dIPFC and rIPFC), we 
found a positive correlation between AQ and the level of 
activation. Recent data from Crystal et al. 57 indicate that 
perceiving pain in others activates both automatic and controlled 
neuroregulatory processes, and the rIPFC is involved in the 
evaluation of self-generated information. 77 Our findings can be 
interpreted as the indication of the presence of higher reappraisal 
/neuroregulatory processes in participants with higher levels of 
autistic traits, possibly reflecting a strategy to balance the 
emotional distress induced by the observation of the facial 
expression of pain. Interestingly, the same set of areas, important 
for emotion regulation, have been reported in a study examining 
the brain activation of physicians during patient treatment or 
during the observation of painful procedures, 78-80 probably 
reflecting learned coping strategies. As underlined by Cheng 
et a/., 81 future studies will need to further address issues related to 
emotion regulation in autism. 

In typical individuals, emotion understanding and ToM, a 
capacity that develops around age 2-3 years and relies on the 
mPFC, follows affective arousal (Figure 5). Emotion understanding 
allows downregulation of arousal through reappraisal mechanisms 
involving the dIPFC and the ACC. In ASD, deficits in ToM lead to a 
potential overwhelming emotional arousal during the perception 
of pain in others, and increased reappraisal through activation of 
the dIPFC and the ACC may be the only way to control personal 
distress. However, others may perceive this increased regulation of 
emotions as a lack of caring behavior. 

We further examined the role of the different components of 
empathy, that is, emotional EQ, assessing emotional contagion, 
and cognitive and social EQ assessing ToM. Distinct brain 
networks have been associated with each of these aspects. 54,83 
Responses to the self-report EQ questionnaires showed statisti- 
cally significant differences in social and cognitive empathy levels 
between groups, whereas emotional EQ, while still significantly 
lower in ASD, showed more overlap between groups (see 
Figure 1). 

As these three aspects of the empathic response seem to be 
differently affected in ASD, we decided to examine how the 
different subscales of the EQ questionnaire would be able to 
predict activation observed in ASD and in CON. We found that the 
social and cognitive subscales were not correlated with whole- 
brain activation. However, although many empathy studies have 
failed to find correlations between empathy subscales and neural 
activations 84 in healthy controls, raising the interesting question of 
whether those studies had insufficient power to detect those 
associations or whether there is no association between general 
empathy scores and neural responses in some context-specific 
situations, 9 our present paradigm — using facial expressions of 
pain — found a positive correlation between emotional EQ, that 
examines the affective aspect of empathy, and the level of 
activation in several areas of the pain matrix, as well as emotional 
processing and embodiment in ASD, but not in CON. These brain 
regions included the OFC, ACC, SMA, premotor cortex and insula 
bilaterally, together with the left IFG, ventrolateral prefrontal 
cortex and temporal pole, as well as amygdala, premotor cortex, 
SMA, inferior frontal gyrus and caudate. All these areas are 
involved in emotional contagion. Nummenmaa et al. 85 have 
shown that emotional empathy facilitates somatic, sensory and 
motor representation of other people's mental state and increases 
activation of mirroring areas, supporting a specific role of 
emotional relative to cognitive empathy. Some of these areas 
belong to the mirror neurons network, and our data support 
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findings from several groups showing an association between 
emotional empathy and the activation in the mirror neurons 
network together with the insula and limbic structures. 83,86,87 
Interestingly, activation of areas involved in face and body 
processing was not associated with emotional EQ. 



CONCLUSION 

Facial expressions of pain are crucial social cues that alarm others 
and solicit caring behavior. Empathy for others' distress is 
important for adaptive social behavior. To our knowledge, we 
have conducted the first study using real, dynamic facial 
expressions of pain to investigate neural correlates of sponta- 
neous empathic processes in normally intelligent individuals with 
ASD. Our findings show that in ASD, basic automatic processes 
involved in shared representations of pain are preserved. Our 
results suggest that rather than a global deficit in empathy and 
sharing, individuals with ASD show capacity for emotional 
empathy, but that increased reappraisal, probably to overcome 
overarousal and personal distress, leads to a failure of appropriate 
empathic behavior. Further studies directly measuring arousal in 
similar paradigms will allow a better understanding of empathic 
processes in ASD. 
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